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(57) ABSTRACT

The mvention relates to a starter device (1) for starting inter-
nal combustion engines, comprising an electromagnetic toe-
in mechamsm which 1s used to displace an axially displace-
able pinion shatt (5), starter pinions (6) which are arranged 1n
the front thereot, 1n addition to a start-stop mechanmism which
1s embodied in such a manner that 1n a stop phase of the
internal combustion engine, even when the internal combus-
tion engine 1s stopped, said start-stop mechanism provokes a
positioned state of the toe-in mechanism, such that during a
subsequent starting of the internal combustion engine, the
starter pinion (6) 1s already arranged 1n an advanced position,
enabling power loss to be reduced. This 1s achieved by a
maintaining mechanism (15) which maintains the electro-
magnetic toe-in mechanism 1n the advanced position and 1n a
currentless manner during and/or after the stop phase.

17 Claims, 4 Drawing Sheets
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STARTER DEVICE FOR STARTING
INTERNAL COMBUSTION ENGINES

BACKGROUND OF THE INVENTION

The invention relates to a starter device for starting internal
combustion engines.

PRIOR ART

DE 199 11 161 C2 has disclosed and described a starter
device for starting internal combustion engines, which 1s
embodied 1n the form of a coaxial starter. It includes an
clectric starter motor and a pre-engagement mechanism for
moving an axial pinion shaft equipped with a starter pinion
situated at 1ts front end. In order to start the internal combus-
tion engine, the pinion must engage with a ring gear of the
engine. When the engine 1s runming, the pinion must be pulled
back out of the ring gear. In order to make this possible, the
pre-engagement mechanism 1s provided with a permanent
magnet and an electromagnetically excitable coil. A bridge
circuit of an electrical control unit of the pre-engagement
mechanism permits there to be two tlow directions 1n the coil.
Depending on the flow direction, the permanent magnet
exerts a pushing force or a pulling force. This makes 1t pos-
sible to extend or retract the pinion.

There are also known starter devices of the generic type
that permit a so-called start/stop operation. This 1s distin-
guished by the fact that an immediate starting of the internal
combustion engine 1s possible. When the engine 1s switched
off, the pinion 1s already situated 1n the ring gear so that all
that 1s required 1s a rotating motion of the pinion. A prereq-
uisite for this 1s that 1n a stop phase of the engine, the pinion
1s already engaged or extended during the switching off of the
engine and remains engaged for the duration of the stop
phase.

A start/stop operation of the type mentioned above offers
the advantage of a reduced starting time and also permits a
more gentle, reduced-noise starting of the internal combus-
tion engine.

Known designs, however, require an additional electrical
output, which places an additional load on the electrical sys-
tem and results 1n a power loss even while the vehicle 1s not
running.

SUMMARY OF THE INVENTION

The starter device according to the invention reduces the
power loss 1n that a holding mechamism simply holds the
pre-engagement mechanmism 1n the extended position without
current.

The present invention uses the advantages of a start/stop
operation, but without having to accept the disadvantage of an
additional consumption of current.

The present invention permits a reduced-noise starting of
the internal combustion engine and increases starting conve-
nience while consuming a small amount of electrical energy.
It also prevents excessive heating of circuits and components
contained therein such as coils, solenoid switches, relays,
resistors, and the like. The load on the electrical system and
lines 1s also reduced.

Preferably, the start/stop mechanism 1s embodied so that it
travels into an engaged position during a switching oif of the
engine. This permits a restarting within a time span of less
than one second.

In an advantageous modification of the starter device
according to the invention, the holding mechanism holds the
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2

clectromagnetic pre-engagement mechanism in the engaged
position without current during and after the stop phase. As a
result, a rotating motion of a ring gear of the mternal com-
bustion engine 1s used so that the pinion of the starter device
can easily engage in the ring gear. After the stop phase, no
clectrical energy 1s required.

A preferred, particularly simple design 1s characterized 1n
that the holding mechanism includes two permanent magnets
that are arranged so that a magnetic holding force 1s exerted in
the engaged position, which holds the starter pinion 1n the
extended position. The permanent magnets can exert a pow-
erful holding force and are very suitable for this purpose.

If a first, movable permanent magnet situated within the
clfective range of a magnetic coil of the electromagnetic
pre-engagement mechanism 1s provided, which exerts the
holding force together with an opposite-polarity second per-
manent magnet, with the first permanent magnet being situ-
ated within the eflective range of the second permanent mag-
net 1n the engaged state, then this yields a simple construction
because the first magnet functions both as the armature and as
the holding mechanism and consequently, only one addi-
tional magnet 1s required.

In an advantageous variant of the ivention, the holding

mechanism 1s arranged parallel to a drive shaift of the electro-
motive drive unit and 1s connected to 1t via a lever arm. This
requires fewer structural changes to the motor drive itself
because the holding mechanism 1s situated outside of 1t to all
intents and purposes.

In an alternative embodiment variant of the invention, the
holding mechanism 1s arranged coaxial to a drive shaift of the
clectromotive drive unit of the starter device; 1n particular, a
first and second annular magnet of the holding mechanism are
arranged coaxially around the drive shaft. This design, by
contrast, 1s very compact. It 1s thus possible to significantly
reduce a longitudinal dimension 1f the first permanent magnet
has a smaller outer diameter than the inner diameter of the
second permanent magnet, thus allowing the first permanent
magnet to travel into the second permanent magnet.

In order to produce a functionally reliable position change
of the pinion, it 1s usetul 1f a force-exerting spring 1s provided,
whose spring force 1s oriented 1n opposition to a holding
force, 1 particular a magnetic holding force, of the pre-
engagement mechanism and/or 1 the pre-engagement
mechanism can be moved from the engaged state into the
disengaged state by means of a reversed current supply to an
armature. In addition, this function becomes even more reli-
able 11 a freewheel mechanism with a speed-dependent restor-
ing torque 1s provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Two exemplary embodiments of the mvention will be
explained 1 greater detail below 1n conjunction with the
accompanying drawings.

FIG. 1 1s a schematic depiction of a first embodiment of a
starter device according to the invention,

FIG. 2 1s a schematic depiction of a holding mechanism
according to the embodiment 1n FIG. 1, shown 1n a non-
engaged position,

FIG. 3 1s a schematic depiction of the holding mechanism
from FIG. 2, shown 1n an engaged position,

FIG. 4 1s a schematic depiction of an alternative embodi-
ment of the holding mechanism, shown 1n a non-engaged
position,

FIG. 35 15 a schematic depiction of the holding mechanism
from FIG. 4, shown 1n an engaged position,
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FIG. 6 1s a schematic depiction showing that a force-exert-
ing spring 1s provided, whose spring force 1s directed against
a holding force of the pre-engagement mechanism,

FIG. 7 1s a schematic depiction of a freewheel mechanism
with a speed-dependent restoring torque and a return spring,
and

FIG. 8 1s a schematic depiction of a freewheel mechanism
with a speed-dependent restoring torque.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a schematic depiction of a first embodiment of a
starter device 1 according the invention. It includes a housing
2 that contains an electromotive drive unit, 1.e. a starter motor
3, equipped with a drive shait 4. Arranged coaxially around
the drive shait 4 1s a slidable pinion shait 5, which 1s prefer-
ably provided at the front with a starter pinion 6 for turning a
ring gear 7 of an internal combustion engine.

The starter pinion 6 can be brought into an extended posi-
tion with the aid of a pre-engagement mechanism so that the
starter pinion 6 engages in the ring gear 7 (engaged position)
or can be brought into a non-engaged position so that the
starter pinion 6 retracts partially or completely into the hous-
ing 2.

The pre-engagement mechanism includes an armature 10
with a coi1l 9 1n order to exert a force on the pinion shaft 5 by
means of a two-arm lever 11. This force can extend or retract
the pinion shaift 5.

A control unit 12 1s provided for controlling the coil 9 and
the starter motor 3.

According to the mvention, a holding mechanism 15 1s
provided, which will be explained in greater detail 1n con-

junction with FIGS. 2 and 3.

The starter device 1 1s distinguished by a start/stop mecha-
nism that 1s implemented with the aid of the control unit 12
and that 1s embodied so that 1n a stop phase of the internal
combustion engine, during and/or after a switching off of the
engine, this mechanism produces an engaged position (FIG.
3) of the pre-engagement mechanism so that in a subsequent
starting ol the engine, the starter pinion 6 1s already situated in
an extended position.

The starter pinion 6 can be brought into the engaged posi-
tion through a supply of current to the coil 9 during and/or
alter the switching off of the engine. It remains there until the
engine 1s started again. After the engine 1s started, the starter
pinion 6 1s brought 1nto a disengaged position by means of a
reversed current supply to the coil 9.

The holding mechanism 15 preferably includes two per-
manent magnets 16, 17 that are arranged so that in the
engaged position (FI1G. 3), amagnetic holding force 1s exerted
that holds the starter pinion 6 1n the extended position. In the
disengaged position, the first permanent magnet 16 1s spaced
apart from the second permanent magnet 17, as shown in FIG.
2. During the engaging process, the first permanent magnet
16 1s moved toward the second, stationary permanent magnet
17 until 1t comes 1nto contact with it. The holding mechanism
15 therefore holds the electromagnetic pre-engagement
mechanism without current in the extended position shown in
FIG. 3 during the stop phase.

Inthe embodiment shown 1n FIGS. 1 through 3, the holding
mechanism extends parallel to the drive shatt, 1.e. the shait 4
of the electromotive drive unit, and 1s situated outside the
latter. The holding mechanism (FIG. 2, FIG. 3) 1s connected

via the lever 11 to pinion shait 5. The movement direction of
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the magnet 16, which constitutes a magnetic armature,
extends parallel to the rotation axis, 1.e. to the shait 4 or 5 of
the electromotive drive unit.

By contrast, in an alternative embodiment according to
FIGS. 4 and 5, the holding mechamism extends coaxial to the
drive shaft 18. This 1s preferably achieved by a first and
second annular magnet 20, 21, which are arranged coaxially
around the drive shait 18. The first annular magnet 20 has a
smaller outer diameter than the inner diameter of the second
annular magnet 21, thus allowing the first annular magnet 20
to travel into the second annular magnet 21, as shown 1 FIG.
5.

The embodiments described above can include a force-
exerting spring, which 1s not shown in the drawings. Its spring
torce would be oriented 1n opposition to the magnetic holding
force. Alteratively or 1n addition, the pre-engagement
mechanism could be movable from the engaged state into the
disengaged state by means of a reversed current supply to the
armature. In addition, a freewheel mechanism with a speed-
dependent restoring torque could be provided.

The control unit 12 can also have a first electrical control
unit for the electromotive drive unit and a second electrical
control unit for the electromagnetic pre-engagement mecha-
nism, the first and second control unit being coupled to each
other so that a start/stop operation occurs.

In summary and 1n addition, the following should be noted:

Themagnets 16,17, 20, 21 in the arrangements (FIGS. 2-5)
have opposite polarities (north pole/south pole). The two
magnets are built into a solenoid switch of the starter device in
opposing positions for all intents and purposes. During the
engagement process, as the drive shaft 1s being moved into
position, the two magnets are brought into each other’s effec-
tive range so that after the corresponding circuit 1s switched
ofl, a fixing of the shaft for the pre-engagement occurs 1n a
purely magnetic fashion. The disengagement after the turning
over and successiul starting of the engine then preferably
occurs etther electrically, 1.e. by means of a reversed current
supply to the circuit, or also mechanically by means of a
prestressed spring that i1s placed under stress during the
engagement process. The magnetic force in the interaction
between the two magnets therefore must compensate for and
overcome the return force of the stressed spring so that the
starter device remains securely fixed in the engaged position
during the start/stop operation, even 1n the event of possible
vibrations of the vehicle, e.g. due to bumps 1n the roadway.
The subsequent disengagement occurs, for example, by
means of the freewheel mechanism (in a speed-dependent
fashion) and at a definite speed threshold, disconnecting the
starter device from the internal combustion engine when the
overall restoring torque exceeds the magnetic force between
the two magnets.

What 1s claimed 1s:

1. A starter device (1) for starting internal combustion
engines, comprising;

an electromagnetic pre-engagement mechanism having an
axially movable pinion shatt (5) with a starter pinion (6),
wherein said electromagnetic pre-engagement mecha-
nism 1s configured for moving said axially movable pin-
ion shait (5);

a holding mechanism (15) that holds the electromagnetic
pre-engagement mechanism 1n an extended position
without current during and/or after a stop phase, wherein
the holding mechanism (15) holds the electromagnetic
pre-engagement mechanism in an engaged position
without current during and after the stop phase, wherein
the holding mechanism (135) includes two permanent
magnets (16, 17) that are arranged so that a magnetic
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holding force 1s exerted 1n the engaged position, wherein
said magnetic holding force holds the starter pinion (6)
in an extended position;

wherein said two permanent magnets include a first, mov-

able permanent magnet (16) and a opposite-polarity sec-
ond permanent magnetic (17), wherein said first, move-
able permanent magnet 1s situated within the effective
range of a magnetic coil (9) of the electromagnetic pre-
engagement mechanism, wherein said first moveable
permanent magnet 1s configured to exert the holding
force together with the opposite-polarity second perma-
nent magnet (17), wherein the first permanent magnet
(16) 1s situated within the effective range of the second
permanent magnet (17) in the engaged state; and

a magnet armature (10), wherein the first and second per-

manent magnets (16, 17) and the magnet armature (10)
are arranged successively 1n a row.

2. The starter device as recited 1in claim 1, wherein the
holding mechanism (15) 1s arranged parallel to a drive shaft
(18) of an electromotive drive unit of the starter device (1) and
1s connected to said drive shaft via a lever arm (11).

3. The starter device as recited in claim 1, wherein the
holding mechanism (15) 1s arranged coaxial to a drive shatt
(18) of an electromotive drive unit of the starter device (1).

4. The starter device as recited 1in claim 1, wherein the first
permanent magnet (20) has a smaller outer diameter than the
inner diameter of the second permanent magnet (21), thus
allowing the first permanent magnet (20) to travel into the
second permanent magnet (21).

5. The starter device as recited 1n claim 1, further compris-
ing wherein a force-exerting spring having a spring force
oriented 1n opposition to a holding force of the pre-engage-
ment mechanism.

6. The starter device as recited 1n claim 1, wherein the
pre-engagement mechanism 1s configured to move from the
engaged state 1to a disengaged state by means of a reversed
current supply to a coil.

7. The starter device as recited 1n claim 1, further compris-
ing a freewheel mechanism with a speed-dependent restoring
torque.

8. The starter device as recited 1n claim 7, further compris-
ing a freewheel mechanism with a return spring.

9. The starter device as recited 1n claim 1, wherein a move-
ment direction of a magnet armature (10) and a first annular
magnet (20) of the pre-engagement mechanism connected to
the magnet armature (10) extend parallel to a rotation axis of
an electromotive drive unit of the starter device (1).

10. The starter device as recited 1n claim 1, wherein a first
(20) and second annular magnet (21) of the holding mecha-
nism (15) are arranged coaxially around the drive shaft (18).

11. The starter device as recited 1n claim 1, wherein a
movement direction of a magnet armature (10) and the first
annular magnet (20) of the pre-engagement mechanism con-
nected to the magnet armature (10) extend parallel to a rota-
tion axis of the electromotive drive unit.
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12. The starter device as recited 1in claim 1, wherein a first
(20) and second annular magnet (21) of the holding mecha-
nism (15) are arranged coaxially around the drive shaft (18).

13. A starter device (1) for starting internal combustion
engines, comprising:

an electromagnetic pre-engagement mechanism having an
axially movable pinion shaft (5) with a starter pinion (6),
wherein said electromagnetic pre-engagement mecha-
nism 1s configured for moving said axially movable pin-
ion shait (5);

a holding mechanism (15) that holds the electromagnetic
pre-engagement mechanism in an extended position
without current during and/or aiter a stop phase, wherein
the holding mechanism (15) holds the electromagnetic
pre-engagement mechanism in the engaged position
without current during and after the stop phase, wherein
the holding mechanism (135) includes two permanent
magnets (16, 17) that are arranged so that a magnetic
holding force 1s exerted 1n the engaged position, wherein
said magnetic holding force holds the starter pinion (6)
in an extended position,

wherein said two permanent magnets (16, 17) include a
first, movable permanent magnet (16) and a second
opposite-polarity permanent magnetic, whereimn said
first moveable permanent magnet 1s situated within the
elffective range of a magnetic coil (9) of the electromag-
netic pre-engagement mechanism, wherein said perma-
nent magnet 1s configured to exert the holding force
together with said opposite-polarity second permanent
magnet (17), wherein the first permanent magnet (16) 1s
situated within the effective range of the second perma-
nent magnet (17) 1in the engaged state,

wherein the holding mechanism (15) i1s arranged coaxial to
a drive shaft (18) of an electromotive drive unit of the
starter device (1), and wherein the first permanent mag-
net (20) has a smaller outer diameter than the inner
diameter of the second permanent magnet (21), thus
allowing the first permanent magnet (20) to travel into
the second permanent magnet (21).

14. The starter device as recited 1n claim 13, further com-
prising a force-exerting spring having a spring force oriented
in opposition to a holding force of the pre-engagement
mechanism.

15. The starter device as recited 1n claim 13, wherein the
pre-engagement mechanism 1s configured to move from the
engaged state 1nto a disengaged state by means of a reversed
current supply to a coil.

16. The starter device as recited 1n claim 13, further com-
prising a Ireewheel mechanism with a speed-dependent
restoring torque.

17. The starter device as recited 1n claim 13, further com-
prising a freewheel mechanism with a return spring.
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